We measure cost and revenue efficiency of the Islamic and conventional Malaysian banks by using the stochastic frontier method and the meta-frontier analysis (MFA) over the period [2006][2007][2008][2009][2010][2011][2012]. The use of MFA allows for the correction of the efficiency measurement errors caused by the technological and operational gap. The specific as well as the common frontiers obtained by the stochastic frontier method show the superiority of Islamic banks (IBs) compared to conventional banks (CBs) in terms of cost and revenue efficiency. This can reflect their high managerial capability. Efficiency measurement using MFA partially revealed different results. CBs have higher annual averages of cost efficiency scores than those of IBs over the period 2006-2011. The observed evolutionary trends of these averages contradict those of the capital base. This change in results is explained according to Johnes et al. (2013) by the modus operandi of IBs which seems in average less efficient than that of CBs. As for revenue efficiency, IBs are more efficient than CBs over the entire study period even though the evolution of the technological gap ratio confirms the inefficiency of their modus operandi. These results may be useful to political decision-makers and regulatory authorities.
Introduction
For the first time, the last financial crisis offered the possibility to the Islamic financial system to emerge as a substitute for the conventional financial system. Chapra (2008) states that the subprime crisis would not have taken place with an Islamic financial system. He added that the mechanisms behind the development and spread of this crisis cannot take effect under Sharia rules and guidelines.
Besides the existence of an underlying asset and the prohibition of illicit activities, the rules governing Islamic financial transactions can be summarized into three pillars, namely the prohibition of "riba", the principle of sharing profits and losses and the prohibition of "bay al gharar". For the prohibition of "riba" Al Masri (2009) defines two categories of "riba": "riba an-nassia" and "riba al-buyu". "Riba an-nassia" takes two forms, it results from the predetermined increase required by the lender over time (riba al Qurudh) or it is the consequence of the surplus paid to the lender in return for rescheduling the date of repayment in case the borrower is unable to repay on time (riba al Duyun). As for the "riba al-buyu" which represents the sale of "ribawis" goods (Note 1) Al Masri (2009) divided it also into two types: "riba al Fadhl" (hand to hand exchange of two similar goods of the same category (Note 2) and the same nature but with different quantities) and "riba an-Nasa'" (non-simultaneous exchange of two goods belonging to the same category). As for the principle of sharing profits and losses, it bears on two fiqh rules (Quaed fiqhia), "Alghounmou Bilghourmi or Alghourmou Bilghounmi" (the yield (or gain) obtained is based on endured difficulties and incurred expenses) and "Alkharajou biddhaman" (revenue or yield in exchange of the corresponding guarantee). According to both rules, the usufruct, revenue or yield associated with a property belongs to the person or people who are willing to endure its potential losses (Owaida (2010) and Shekhar (2008) ). Al-Masri (2010) concluded that risk is a production factor that depends on either property or labor. A prohibited risk is then the one which is separated from the latter two. In general, it arises from this last rule the banning of two main operations, namely the sale of what one does not possess and fixed-income financing operations.
As for the prohibition of "bay al gharar", or selling tainted with uncertainty or hazard, Balala (2011) notes that the prohibited transactions under "gharar" are those implying some type of risks and uncertainty that is difficult to master by the buyer, either because the seller has an informational advantage, or because of the future nature of the contract's object that may be uncontrolled by the two contractors. Ibn Rushd Al Jadd (grandfather) (Note 3) (1072-1126) (Note 4) states that the sale stained with "gharar" is business transaction in which the level of "gharar" is described as excessive or influential, while a moderate level of gharar "gharar yassir" does not make the contract defective or unlawful. El Gamal (2001) adds that "forbidden gharar" is nothing other than the unnecessary transfer of risks, which can only be economically inefficient. Thus, the "forbidden gharar" was at the origin of banning the main contemporary risk management contracts such as derivative products and business insurance.
However, despite the resilience of IBs during the last financial crisis, Johnes et al. (2013) suggest that it is expected that their performance will be inferior to that of CBs. Three main reasons can explain this difference. First, the diversity of Islamic schools of thoughts raises a problem of standardization of Islamic banking products and contributes thus to an increase in IBs' operating costs compared to those of CBs (Chapra, 2007) . Then, size may also be decisive. Indeed, IBs are generally smaller than CBs while evidence points to a positive relationship between technical efficiency and size in the banking industry (Bhattacharryya et al., 1997; Miller & Noulas, 1996; Jackson & Fethi, 2000; Chen et al., 2005; Abdul Majid et al., 2005; Drake et al., 2003) . Finally, IBs are often domestic banks, whereas most evidence suggests that foreign banks have a cost efficiency that is greater than that of domestic banks (Isik & Hassan, 2002; Hassan & Merton, 2003; Kasman & Yildirim, 2006; Matthews & Ismail, 2006; Mokhtar et al., 2008) . This difference in efficiency can also result from IBs holding a higher level of capital. In this regard, Khediri et al. (2015) suggests that it is useful for IBs to maintain higher capital buffers to mitigate liquidity risk. In this study, we plan then to test the hypothesis which claims the superiority of CBs compared to IBs in terms of efficiency.
To this end, we will examine a sample of 37 Malaysian banks consisting of 17 IBs and 20 CBs over the period 2006 and 2012. We proceed into two steps. The first is used to calculate and compare cost and revenue efficiency scores of Islamic and conventional banks by the stochastic frontier analysis (SFA). Three efficiency frontiers are then considered: two specific frontiers and a common frontier. In the second step, a global efficiency frontier which contains the two specific frontiers is obtained by means of MFA. This latter approach can correct for efficiency measurement errors caused by the technological and operational gap. The meta-production approach has been introduced for the first time by Hayami (1969) and Hayami and Ruttan (1970 and 1971) to examine agricultural productivity across different countries. These two latter authors note that "the meta-production function can be regarded as the envelope of commonly conceived neoclassical production functions" (Note 5). The meta-frontier function makes it possible to compare several groups of producers operating under different technologies by calculating a technological gap ratio. This paper is organized into five sections. The literature review is presented in Section 1. The methodology is described in Section 2. Section 3 describes the database and all the selected variables of our models. The results are presented and discussed in Section 4. The conclusions are presented in the last section.
Literature Review
Several studies (Berger & Humphrey, 1997; Berger & Mester, 1997; Brown & Skully, 2002) presented a detailed review of the literature on CBs efficiency. As for the studies on IBs efficiency, they can be classified into two groups. The first group examined a sample of uniquely IBs from different countries (Yudistira, 2004; Hassan 2005 Hassan , 2006 Sufian, 2009; Viverita et al., 2007) or from one single country (Hassan & Hussein, 2003; Saaid et al., 2003; Saaid, 2005; Kamaruddin et al., 2008) . The second group of studies used a comparative approach and can be divided according to the obtained results: studies showing the absence of any difference between IBs and CBs in terms of efficiency (Abdul-Majid et al., 2005; El-Gamal & Inanoglu, 2005; Mokhtar et al., 2006; Bader, 2008; Hassan et al., 2009; Shahid et al., 2010) ; other studies did not test the significance of the difference in efficiency between the IBs and CBs for lack of observations (Hussein, 2004; Al-Jarrah & Molyneux, 2005; Said, 2012) ; while few studies have shown a higher efficiency of IBs compared to CBs (Yudistira, 2004; Masruk & al., 2007; Al-Muharrami, 2008; Zahoor et al., 2011) ; and some other studies attested for the pre-eminence of CBs in terms of efficiency (Hassan, 2006; Mokhtar et al., 2007 Mokhtar et al., , 2008 Safiullah, 2010; Sraïri, 2010) .
Another set of comparative studies deserves a particular attention because it distinguished between gross efficiency and net efficiency. These are mainly the studies of Abdul-Majid et al. (2008) , Johnes et al. (2009), www.ccsenet.org/ijbm International Journal of Business and Management Vol. 11, No. 5; Abdul-Majid et al. ((2010), (2011a, b) ) and Johnes et al. (2013) . Gross efficiency takes into account both management quality and the effectiveness of the modus operandi. Net efficiency can isolate the managerial component and thus provides a measure of managerial efficiency. Studying the Malaysian banking industry, Abdul-Majid et al. (2008 , 2011a calculated gross efficiency scores by estimating the cost function using the stochastic frontier analysis (SFA) without considering specific variables (even that reflecting the nature of the bank, Islamic or conventional). These variables are introduced during in the second step of calculating net efficiency scores. The results show that CBs have a significant higher gross efficiency than that of IBs, whereas a slight difference is obtained for net efficiency. adopted a different approach using the data envelopment analysis (DEA) to calculate gross and net efficiency scores. According to Abdul-Majid et al. ((2008 ),(2011a ), the results indicate that the poor performance of IBs operating in the Gulf Cooperation Council (GCC) countries is mainly due to their modus operandi rather than to managerial incompetence. Johnes et al. (2013) obtained the same result despite using MFA. These authors defined three levels of efficiency: gross efficiency, net efficiency and type efficiency. Gross efficiency is determined by MFA; net efficiency is calculated from specific efficiency frontiers established by the nonparametric DEA method; and type efficiency is defined by the distance between the specific frontier and the meta-frontier. In this study, we will extrapolate this latter study in order to assess the evolution of cost and revenue efficiency for Islamic and conventional banks of Malaysia over the period 2006-2012.
Methodology
Step 1: SFA to determine for each bank category two specific frontiers relating respectively to cost and revenue efficiency.
SFA proposed by Aigner et al. (1977) and Meeusen and Broek (1977) , and used by Mester (1993) , Cebenoyan et al. (1993) and Bauer et al. (1993) , is one of the parametric methods designed to evaluate cost and profit efficiency. Unlike non-parametric approaches like DEA, which ignores the possibilities of measurement errors and the effects of the inaccuracy associated with accounting data, parametric approaches, such as the stochastic frontier model, decomposes error term in two components. The first component results from measurement errors and external shocks, and the second measures the specific inefficiency for each entity to be evaluated. In this regard, to calculate inefficiency related to each observation, Jondrow et al. (1982) proposed a decomposition method of error term, which proved its superiority over other methods (called deterministic methods). According to Berger and Mester (1997) , cost efficiency is the measure of the distance between the cost of producing a set of outputs of a bank i and that of a bank having the best cost practice, operating in similar conditions. Thus, assessing cost efficiency makes it possible to know the deviation of the production cost of a set of outputs from the minimum production cost of the same bundle. SFA determines efficiency scores from a stochastic cost function that can be formulated for a sample of N banks, as follows:
Where ln is the total cost of a bank i; is the vector of outputs of a bank i; is the vector of inputs of a bank i; β is the vector of the parameters to be estimated. The error term is divided into two parts: captures the effect of inefficiency and is distributed on one side of the frontier (one-sided error term); is the stochastic error which captures the effect of noise and measurement errors and it is distributed on each side of the production frontier (two-sided error term). These two error terms are supposed to be independent. Note that the function can take several functional forms such as Translog, Gobb-Douglas, CES, squared-root quadratic and quadratic generalized Box-Cox (Konstantinos et al. (2003) ). The cost frontier is estimated by the maximum likelihood method and efficiency levels are deducted from the regression error as follows:
A cost efficiency score equal to 1 represents a bank that is on the efficiency frontier, while scores between 0 and 1 denote banks with lower efficiency. For the selection of variables of model (1), it should be remembered that there are two approaches that define inputs and outputs of banking institutions: the production approach, introduced by Benston (1965) and Bell and Murphy (1968) , and the intermediation approach proposed by Sealey and Lindley (1977) . Both approaches are widely used in the literature and there is no consensus on the superiority of one over the other (Berger and Humphrey (1997) ). In this study, we will adopt the intermediation approach that promotes banks' intermediation vocation when defining banking activity. Deposits are then considered among the bank's inputs together with labour and capital. In addition, outputs are measured in value rather than in number of accounts managed by the bank. Total cost then takes into account interest costs and the amounts allocated to depositors in addition to expenses of personnel, amortization, provisions and other expenses. Based on the translog functional form, the model to be estimated is as follows:
Where, i varies from 1 to N (N is the total number of banks of the sample); t represents the year which varies between 1 and 7; h varies from 1 to 3 and represents the number of input prices; k varies between 1 and 2 and represents the number of outputs. In addition, two restrictions are to be introduced so as to reduce the number of estimation parameters of the model (2). These restrictions are the result of two constraints: a symmetry constraint and a homogeneity constraint. In the presence of three inputs and two outputs, these two constraints allow us to reduce the coefficients to be estimated to 21 instead of 34. At this level, this model has to be used to identify two specific efficiency frontiers and a common frontier. The first frontier is based on a sample of uniquely IBs, while the second contains only CBs. These two categories of banks are grouped in a single sample to construct the common frontier.
The same model and the same procedures will be used in order to calculate revenue efficiency. We keep the same inputs and outputs of the previous model, while the dependent variable will be replaced by the total revenues coming from financing, loans and other operating activities after deducting amounts allocated to depositors. Like the cost frontier, the revenue frontier divides the bank's total revenues by prices of inputs and outputs. It then allows us to determine the deviation from the bank having the best practice. The use of the stochastic frontier model to evaluate revenue efficiency was also developed by Fiordelisi et al. (2011) in the European context. 2nd step: The principle of MFA Bos and Schmiedel (2003) , Bikker (2002) and Dietsch and Lozano-Vivas (2000) support the hypothesis which states that considering a single efficiency frontier for banks operating in different environments and having access to different technologies leads to erroneous results. To take into account these measurement weaknesses, we then decided to extend our analysis of efficiency measurement trying to benefit from the proposals of Battese et al. (2004) who have managed to develop a meta-frontier production function. This last function allows comparing several groups of producers operating under different technologies and this by calculating a technological gap ratio.
Following Battese et al. (2004) , Huang et al. (2011) have attempted to build a cost frontier that envelops all stochastic cost frontiers for the different European banking groups. The construction of a meta-frontier starts by defining a model of a stochastic cost frontier for each bank i of country r at time t as follows:
Where, C it (r) is total cost; X it (r) is the vector of input and output prices; φ r is the vector of parameters to be estimated; V it(r) and U it(r) are the two components of error term. For convenience reasons, the model (3) is represented as follows:
Through this model, Battese et al. (2004) suppose that there is only one data generation process for banks within the same country or using the same technology. In model (3), the meta-frontier cost function is defined as being a global function with a mathematical form that envelopes all deterministic elements of the stochastic cost functions elaborated individually. Thus, the meta-frontier cost function takes the following form:
Where, * is the minimum expenses incurred by bank i at time t; and φ * is the vector of parameters of the meta-frontier cost function. These parameters are determined in such a way that * . The meta-frontier cost function is a parametric deterministic function whose values must be less than or equal to the deterministic components of the stochastic cost functions of the different identified groups (this inequality must be checked for all groups and over the whole studied period). Figure (1) illustrates the meta-frontier cost function which is assumed to be a smooth function. The stochastic frontier cost of different countries in the case of a single output are established and denoted by frontier 1, frontier 2 and frontier 3. Measuring the overall cost efficiency (OCE) for bank i at time t, in country r is made by the minimum cost (determined by the meta-frontier) to the observed cost ratio, adjusted by the corresponding random error:
The first term of the equation on the right, ( ) , is cost efficiency ( ( ) ) related to the stochastic frontier of country r. It measures the distance between the cost of a bank (i) and the stochastic cost frontier of country r. The second term of the equation on the right is the technological gap ratio. Equation (7) is then rewritten as follows:
The procedures followed to calculate OCE can be summarized in three steps:
1-estimation of the parameters of the stochastic cost function of country r, , by using the maximum likelihood method;
2-estimation of the parameters of the meta-frontier cost function, *
, with reference to one of the mathematical programming methods; 3-calculation of cost efficiency ( ( ) ) and the technological gap ratio ( ) . These steps will be performed to calculate the OCE of IBs and CBs. According to the approach adopted by Battese et al. (2004) estimating the parameters of the meta-frontier cost function ( * )involves solving the following system:
In view of this latter constraint, the absolute value can be removed, which leads to solving the following problem:
Where, i: 1, ..., N (N = 37, is number of the banks in the selected sample); t: 2006, ..., 2012; r: group 1 or group 2 (r = 1: Islamic banks group; r = 2: conventional banks group); is the vector of inputs and outputs.
The aim of this minimization problem is to minimize the distance between current cost (determined by the stochastic cost function of each group) and minimum cost (calculated by the meta-frontier function). The function of the meta-frontier ( , * ) takes the same form as that of individual stochastic cost frontiers. Furthermore, solving this minimization problem will be possible using an optimization technique based on the genetic algorithm method. Note that in our case, this optimization problem consists of 233 constraints that should be respected.
Proceeding in the same way, calculating the global revenue efficiency requires solving the following minimization problem: (Figure 2 ) on efficiency.
The audited annual financial statements, which are available on the website of each of the banks of our sample, are the main sources of our database. The period of our study extends between 2006 and 2012 and takes into account the effects of the subprime crisis. The total number of observations is set at 233 observations: 103 observations for IBs and 130 for CBs. By adopting the intermediation approach, three inputs and two outputs are used to calculate cost and revenue efficiency scores. The three production factors are respectively: physical capital (K), financial capital (F) and labour (W). Physical capital price is calculated by dividing the total of amortization, provisions and other expenses by the total of net fixed assets. As for the financial capital price, it is measured by the total of the amounts allotted to the different lenders (including funds provided by customers of the bank) divided by the total of short, medium and long term liabilities. As for labour price, it is defined by the personnel expenses to total assets ratio. The two considered outputs are: total loans (Y1) and total securities portfolio (Y2). Total loans takes into account cash and short-term funds, deposits and placements from banks and other financial institutions, and financing, advances and other loans. As for the total securities portfolio, it is equal to the sum of the value of securities held for trading, held to maturity and available-for-sale. The descriptive statistics of the variables of the two stochastic functions (cost and revenue) are presented in Table 2 . Total loans as well as total securities portfolio of CBs are three times more than those of IBs. In addition, the high price of IBs' physical capital is essentially explained by the low value of net fixed assets with respect to total of amortization, depreciation, provision and other expenses. Vol. 11, No. 5; optimization problem (10). The parameters λ (λ = ) of the first three estimations appear statistically insignificant, which leads us to conclude that random shocks dominate in explaining inefficiency. Indeed, when λ~ 0, this is almost equivalent to ~ 0 and / or ~ ∞. This result is confirmed by estimating and given that the parameter is statistically significant at the 1% level while is insignificant. Moreover, the average of cost efficiency scores calculated from the two specific frontiers as well as the common frontier (Table   ( 3)) show that IBs are more efficient than CBs. In addition, the difference of means test reveals that the detected differences are statistically significant, respectively, at the 1% and 10% levels. However, MFA (Note 6) shows that the average of efficiency scores of CBs is higher than that of IBs and that the difference is statistically significant at the 1% level. Table 4 and Figure 3b show that this latter result is explained by the evolution of the annual average of the technology gap ratio. (*) Translate a significance of 1% (**) of 5% and (***) of 10%. (CE) is cost efficiency calculated from the stochastic frontiers; and (OCE) is cost efficiency determined through the meta-frontier approach.
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International Journal of Business and Management Vol. 11, No. 5; Figure 3a. Annual average of cost efficiency scores measured by the SFA Figure 3b . Annual average of the technology gap ratio Figure 3c . Annual average of cost efficiency scores measured by the MF
Revenue Efficiency
Table (A1) in the appendix reports the results of the parameters of the four revenue efficiency frontiers. The averages of efficiency scores calculated from the specific frontiers, shown in Table 5 , reveal that IBs have a higher revenue efficiency than CBs and that the difference is statistically significant at the 1% level. Table 5 shows also that this result is in line with the averages of efficiency scores measured by MFA. The annual evolution of the average of these scores is shown in Table 6 and Figures 4a and 4c. IBs' higher revenue efficiency is explained, according to Figure 4d , by the importance of revenues from their financing and lending operations compared to those of CBs. This figure highlights the similarity of the evolution trends of financing and lending revenues, divided by total assets, to those of the annual average of revenue efficiency scores determined by the meta-frontier function (Figure 4c At the end of their first year of operation, these banks made too low revenues when scaled to their total assets. In addition, the decrease in CBs' revenues during 2009 is explained by the recession of the Malaysian economy in 2009 (a negative GDP growth rate (-1,513%) for the first time since 1998), which slowed down the growth in demand for financing and for banking services and caused, therefore, a decrease in lending rates. Moreover, Table 5 shows that the use of MFA resulted in a 7, 8% decrease in the average of efficiency scores of IBs while it has resulted in just a 1, 9% decrease in that of CBs. In this regard, Table 6 as well as Figure 4b show that all the technological gap ratios of IBs are lower than those of CBs, which confirms the assumption about the ineffectiveness of the modus operandi of IBs. Vol. 11, No. 5; Figure 4c. Annual average of revenue efficiency scores measured by the MF Figure 4d . Interest or profit income
Conclusion
The main objective of this study was to compare cost and revenue efficiency of Islamic and conventional banks over the period 2006-2012. For this purpose, two steps are performed. The first is to use the stochastic frontier method. The obtained results, based on specific and common frontiers, reveal that the average of cost and revenue efficiency scores of IBs are superior to those of CBs and that the differences are statistically significant at the 1% level.
The use of MFA, in a second step, made it possible to determine a global frontier that envelops the two specific frontiers. This approach corrects for the shortcomings of efficiency measures because of institutions operating under different production technologies. By using the genetic algorithm, the resolution of optimization programs related to the global frontiers of cost and revenue efficiency led to important results. For cost efficiency, the results show that the average of efficiency scores of CBs is higher than that of IBs and that the difference is statistically significant. The evolution of the annual average of the technological gap ratio proves that the low efficiency of IBs compared to CBs results from their modus operandi rather than from their managerial capability. This result agrees with that of Johnes et al. (2013) . However, the analysis of the annual averages of cost efficiency scores showed that IBs become more efficient starting from 2011. The trend of the annual averages observed in both IBs and CBs contradicts that of the capital base. For revenue efficiency, the average of efficiency scores shows that IBs are more efficient than CBs even though the evolution of the technology gap ratio reaffirms the ineffectiveness of their modus operandi. This result is explained by the importance of IBs' revenues generated by lending and financing operations compared to those of CBs. 
